Background: Appraisal of arid land status is very crucial one to know the extent and factors associated with their degradation. Previous studies from arid regions are mostly qualitative in nature (indicator assessment like good, moderate, severe, and very severe) and generally overlooked the significance of temporal fluctuation. Methods: In this study, the temporal status of 12 Indian arid lands was accessed by using a new integrated approach that includes attributes like relative converge score (RCS), herbaceous component score (HCS), soil quality index Modified (SQI), ecosystem monitoring value (EMV), and a modified bare patch index. From each land, data were collected during three seasonal events (pulse, inter-pulse, and non-pulse), and thus, status was evaluated with 36 observations. Data were analyzed by using frequency distribution, principal component analysis (PCA), student t test, and regression technique. Results: RCS and HCS were recorded minimum (0.005, 0.65) during non-pulse event and maximum (0.36, 1.79) during pulse event respectively. With this approach, multi-directional temporal status of lands identified that were grouped into lower (7), moderate (14), high (12), and very high (3) quality lands. Conclusion: This integrated study suggested that in arid regions, although rainfall triggers plant community composition, however, sole utilization of this parameter is unable to portray the true status of lands, and other physical (soil) and biotic (livestock and other anthropogenic) parameters are equally important and influential during other events.
Introduction
Land degradation pertains to three attributes, viz, ecosystem services, disturbances, and the resilient properties of the land (UNEP 2007) . Further, Zero Net Land Degradation concept of UNCCD (2012) pointed out toward the degradation and the land restoration capabilities thresholds, applicable to all types of land use. Previous studies indicated that eight parameters or tools, viz, climatic, soil, vegetation, hydrological, livestock, anthropogenic pressure, ecosystem services (functional, supportive, and provisional) , and remote sensing, and GIS are frequently utilized for land status assessment.
Among these, some of them are designated as degradation indicators while climatic and livestock activities are regarded as governing factors (Jafari and Bakhshandehmehr 2013; Miao et al. 2015) .
Across the globe, land status (quantitative quality of land which usually based on some biotic and abiotic factors) was assessed by several workers by using different combinations of above cited parameters (Mandal et al. 2010; Wen et al. 2010; Mahdavi et al. 2013; McGranahan et al. 2013; Qiu et al. 2013; Masoudi 2014; Vieira et al. 2015; and Xie et al. 2015) . Such studies were conducted on various types of land-use like rangelands (lands with predominant grasses, grass-like plants, forbs or shrubs suitable for grazing or browsing), pasture (lands that are primarily used for the production of adapted, domesticated forage plants for livestock), and forestland extended from temperate to tropical arid regions (de Soyza et al. 2000; Liu et al. 2004; Zhang et al. 2005; Masoudi et al. 2006; Li et al. 2009; Casson et al. 2009; Mandal et al. 2010; Wen et al. 2013; Qiu et al. 2013; Masoudi and Amiri 2015; Andrade et al. 2015) .
In addition to these efforts, some assessment methodologies have also been developed like Status of Vegetation Condition (Kumar 1992) , Habitat Complexity Score (Catling and Burt 1995) , Pasture Condition Score (Cosgrove et al. 2001) , Descriptor Sheet for USA Rangelands (Pyke et al. 2002) Habitat Hectares -Victoria , Biodiversity Benefits Index (Oliver and Parkes 2003) , Rapid Appraisal of Riparian Condition (Jansen et al. 2004) , BioMetric (Gibbons et al. 2005) , and BioCondition Assessment Toolkit (Eyre et al. 2006) . In these studies and methodologies, physical (soil, hydrological) and biological (anthropogenic, livestock activities, and plant community characterization) parameters were estimated by a solitary land visit.
Further, studies from arid regions revealed that most of them are qualitative in nature (indicator assessment like good, moderate, severe, and very severe) and generally overlooked the significance of temporal fluctuation. In an arid region, temporal variations are very important for assessing the land qualities as it brings drastic changes in physical and biological properties of land between pulse (high resource availability), inter-pulse (small and irregular episode of resources: winter), and non-pulse events (Mathur and Sundaramoorthy 2016) . Precipitation patterns significantly influence the structure and functions of arid and semi-arid ecosystems. In such areas, water availability works as "pulse," and in Indian arid region context, this denotes the rainy seasons, while inter-pulse period represents small and erratic episode of rains particularly occurred during winter season while the long dry period is referred as non-pulse period (summer). Such pulse/inter-pulse/non-pulse periods bring dramatic changes in soil moisture and associated biotic and abiotic components. Such yearly periodicity has the potential to affect the intra-annual population dynamics, species inter-and intra-specific interactions, and physiological and ecosystem processes and has been worked out at species-specific levels by many workers (Padilla et al. 2015) . However, these were not explored with reference to land assessment studies.
Many hypotheses have been exercised for land degradation assessment and their associated parameters like agricultural intensification, inappropriate land management, and integration of local and scientific knowledge (D'Odorico and Ravi 2016). However, holistic assessment related to temporal changes in bio-physical indicators and ecosystem values still not work out. By analyzing these land appraisal attributes, two gaps have been identified with respect to the Indian arid region: (a) holistic studies were not conducted for land status assessment and (b) comportments of land qualities with different pulse events were also not correlated.
This study therefore sought to understand the temporal status of the Indian arid lands by using a new integrated approach having weighted qualitative and quantitative attributes of bio-physical and ecosystem value. This aim oscillated around two hypotheses; within the Indian arid region, a combined mathematical approach may assess the land qualities more precisely than individual use of status attribute, and temporal assessments are more informative compared to a single time assessment. Such cumulative and sequential assessments would enable us to better visualize our land health priorities for them.
Methods

Land descriptions
The study was conducted at 12 non-protected lands of the Indian arid region. These lands were selected by considering their geomorphologic characteristics, anthropogenic and grazing pressure, and species diversity dynamics and their temporal fluctuations. The samplings were carried out during three different seasons, i.e., rainy (July), winter (January), and summer (May), and data for different parameters were collected between the 15th and 25th of every respective month. Within each land, sampling zone was selected based on their continuity that is avoid any fragmentation, i.e., pathway, pits, waterbed, drainage channel mud, vegetative barrier, and zone that represent the fair amount of plant species diversity. Geographical coordinates and habitat types of each land are presented in Table 1 (the map of the study is provided in Additional file 1). From geo-morphological points of view, six lands were located at older alluvial plain, three and two were pertained to younger alluvial and hummock undulating terrains, respectively, and one was located on piedmonts area.
Relative coverage score
Relative coverage score (RCS) was quantified by community diversity parameters and modified bare patch index.
RCS ¼
Relative community diversity Bare patch index Modified ð1Þ
Relative community diversity (RCD) was quantified by using three quantitative attributes like species richness (SR), Shannon and Weaver diversity index (SDI), and evenness (E5) by following Ludwig and Reynolds (1999) and two qualitative parameters, i.e., litter conditions (LC) and removal of plant parts (RPP), as described by Kumar (1992) and depicted in Table 2 . Scaling number of each qualitative attribute was assigned after complete physical survey of each land during sampling periods, and this approach was adopted to enhance the judging efficiency for qualitative parameters. At each land and during each event, nested quadrate technique was utilized wherein 10 quadrates of 10 × 10 m abutting each other in a row were laid across the field (Kent and Coker 1992) applied for woody perennial, and within each quadrate, 1 × 1 m area was applied for herbaceous biomass (Saxena and Aggarwal 1983; Narita and Wada 1998) . Relative importance value was calculated through relative frequency, abundance, and density (Kent and Coker 1992) . Diversity indices were calculated as per standard methodology (Ludwig and Reynolds 1999) . The species richness is defined as the total number of species per sampling unit (Bhattarai et al. 2004) . Shannon-Weaver is a diversity index and generally ranges from 1.5 to 3.5 and rarely up to 4.5. Its higher value indicates the high diversity while the lower value represents the dominance of few species.
In RCD index, weights were determined by the percent of variation in the data set explained by the principal component analysis that contributed the indicated variable divided by the total percentage of variation explained by all the PCs with eigenvectors more than one (Andrews et al. 2002) , and thus, mathematically, RCD is express as:
The second attribute of RCS, i.e., bare patch index Modified , was quantified by using the mean size of bare patches at land (B Mean ) and is the total bare soil (ƩB) and total transect length (ƩL 100 m). This mathematical expression has a multiplication factor of connectivity of bare patch where 1 was used for inter-connected bare 
Herbaceous component score
Ecological information on herbaceous component were collected within 1 m 2 plot at each 10 × 10 m quadrate, and their standing biomass was calculated by harvesting them at 0.5 cm above ground level. Constant weight was obtained after 10 days of clipping (Bhattarai et al. 2004) .
Obtained biomass (THB = total herbaceous biomass) was converted into scale criteria (up to 50 g 2 scale one; 51-100 g 2 scale two; 101-150 g 2 scale three; 151-200 and 201-300 g 2 were scales for four and five, respectively). Other components of HCS involve botanical species composition of climax vegetation (BSC), relative importance value of climax species (RIV of C. spp.), carrying capacity (C. Cap ACU/100 ha), grazing intensity (GI), and density of un-palatable species (DUP), and these were calculated by scoring criteria as depicted in Table 2 .
The percent of potential or climax species below a certain level in the entire composition of herbaceous layer indicates the status of degradation. With refrence to botanical species composition of climax vegetation, good, slight, moderate, severe, and very severe degradations are indicated by 25 to 40, 10 to < 25, 1 to < 10, < 1, and absent, respectively. In normal, un-degraded situations, the climax species have high dominance, expressed as relative importance value (RIV) followed by those of successional species. Based on the pattern of dominance, five assessment stages can be framed ( Table 2 ). The concept of carrying capacity was employed for a community with good health and at sustained biomass production. Carrying capacity is the number of animals that can graze a piece of land on a year-round basis. In the present study, five-stage rating was utilized (Table 2 ). These attributes with their weighted factor are expressed as:
Soil quality index
Soil samples were collected up to 30 cm depth at all lands during the seasons. All the soil parameters were quantified in triplicate. Soil moisture (%) was estimated in non-dried soil through gravimetric method (Black 1965) , while other physical and chemical parameters were estimated in well air-dried and sieved (2 mm) soil samples (Pandeya et al. 1968) . Electrical conductivity (mS/m) and soil pH were measured in water-soil suspension (5:1) by respective digital meters. Soil organic carbon, total nitrogen, and available phosphorus (mg/100 g) were quantified by standard methodologies of Jackson (1973) and Allen et al. (1976) . Again, weighting factors were determined through PCA analysis.
where S OC = soil organic carbon, S P = soil available phosphorus, S N = soil nitrogen, S pH = soil pH, S EC = soil electrical conductivity, and S M = soil moisture. Revised SQI was quantified by the following formula:
Ecosystem monitoring value (soil) EMV Soil was determined by quantification of value of ecosystem carbon and nitrogen sequestration as described by Wen et al. (2013) :
where V C is the value of ecosystem carbon sequestration.
where P C is the price of carbon tax (50 in India, Stern 2013) and OC up to 30cm is the soil organic carbon up to 30 cm soil depth. V n is the value of ecosystem nitrogen sequestration.
Here, opportunity cost was applied to assess the nitrogen sequestration (in India, average price of urea fertilizer is about 10/t P N ). TN up to 30cm is the soil nitrogen up to 30 cm soil depth, 46% is the percentage of total N in urea (Lin et al. 2007) , and 0.081 is the proportion of content of available nitrogen in total nitrogen.
Status of land
Thus, overall land status was assessed by following mathematical expression.
Score of this index ranges from 1.0 to 2.5, and value ranges from 1.0 to 1.3, > 1.3 to < 1.6, > 1.6 to < 2.1, and > 2.1 to 2.5 represent lower, moderate, high, and very high value status of land, respectively.
Statistical analysis
Distribution behaviors of qualitative parameters (removal of plant parts, litter condition, botanical species composition of climax species, RIV of climax species, carrying capacity, and density of un-palatable species) and scoring efficiency of the researcher were accessed by frequency distribution. Results of this non-parametric test were interpreted through skewness, kurtosis, and Kolmogorov-Smirnov tests.
Principal component analysis (PCA) is an Eigen value-based ordination method, and this was performed with Pearson correlation coefficient (Xlstat software, 2007) . This multi-variant technique was utilized for two objectives, i.e., (a) to find out weighting factor for various attributes with the help of variables like richness, Shannon and Weaver index, evenness, total herbage biomass, botanical species composition of climax species, RIV of climax species, carrying capacity, grazing intensity, density of unpalatable species, removal of plant parts, litter conditions, soil organic carbon, phosphorus, nitrogen concentrations, pH, electrical conductivity, and moisture content and (b) to characterize the temporal variation of land assessment parameters that includes RCS, revised SQI, HCS, and EMV. For the second objective, variables and their significant relationships were identified through the concept of component defining variables (CDV) which works through correlation coefficient (Iwara et al. 2011 ). Student t test was applied to assess the significance of temporal factor for various quantified parameters (community and soil) and for calculated index (RCS, HCS, revised SQI, EMV, and for land status).
Results
During the study period, maximum (39.08°C) and minimum (13.1°C) temperature was recorded during non-pulse and inter-pulse events, respectively. Such trends for relative humidity (maximum 72.37% and minimum 18%) were recorded during pulse and non-pulse events, respectively. High rainfall (61.28 mm) was recorded during pulse, followed by non-pulse (12.55 mm) and inter-pulse (0.12 mm). Table 3 . Highest species richness and diversity (Shannon and Weaver) were recorded during pulse followed by inter-pulse and non-pulse events. Evenness suggested the distribution of the individual species within community, and it fluctuates with shifting of proportional abundance of the species (Ludwig and Reynolds 1999) . A slight higher evenness was recorded during inter-pulse compared to pulse. Ranges of various quantitative parameters are presented in Table 3 . Bare patch (meter in 100 m line transect), soil organic carbon, nitrogen, SQI, and land status increased from pulse to non-pulse events. RCS and HCS were recorded minimum (0.005, 0.65) during non-pulse event and maximum (0.36, 1.79) during pulse event, respectively. Furthermore, with our integrated approach, 7, 14, 12, and 3 were assessed as lower, moderate, high, and very high quality land, respectively. The seasonal variability in soil pH could be attributed to temperature and movement of cations like calcium, magnesium, and potassium. This can further linked with soil organic carbon content that acted to reverse with soil pH (maximum and minimum of both these were recorded during inter-pulse, respectively). Such relationships have been explored by many workers under decomposition process (Salim et al. 2015) . High soil nitrogen content during the pulse event can be explained by the fact that this soil attribute followed first-order kinetics and that represents the effect of temperature on it with the rate of doubling of each of 10°C increase in temperature. Such information also revealed the temperature dependent decompositions of celluloses and proteases soil enzymes that reflected in seasonal variations in soil organic matter and nitrogen contents (Guntinas et al. 2012) .
Results of frequency distribution (FD) parameters (skewness, kurtosis, Kolmogorov-Smirnov tests) are depicted in Table 4 . For a normal distribution, kurtosis value is exactly 3 and termed as mesokurtic, < 3 called platykurtic (its central peak is lower and broader), and > 3 called leptokurtic (central peak is higher and sharper). In the present study, litter condition during non-pulse and botanical composition of climax species during pulse event were mesokurtic, while other visual parameters during different events were platykurtic. Higher computed p value of K-S test compared to significance level (alpha = 0.05) suggested the normal distribution of qualitative parameters except for litter condition (LC) during pulse and inter-pulse events (Table 4) . Normal distributions for carrying capacity and for grazing intensity were also showed by skewness as their value equals to zero. High positive skewness is recorded for RIV of climax species during pulse and inter-pulse events and botanical compositions of climax species during non-pulse event.
Figures are provided in Additional file 1.
Interpretation and identification of the significant variables on PCA bi-plot were carried out by the criterion provided by Legendre and Legendre (1998) and Iwara et al. (2011) . In this study, the cumulative percentage in PCA analysis conducted for gaining the weighting factors suggested that during all temporal events, the first four axes together accounted more than 80% variability (Table 5) and this proved the usefulness of this tool in this study (Wei-Giang and Bilquees 2008) . Similarly, the first four axes of PCA analysis carried out to characterize the temporal variations of land assessment parameters (RCS, revised SQI, HCS, and EMV) suggested 100% cumulative variability (Table 6) , and usefulness of this tool was further proved by lack of any arch effect in PCA bi-plots (Figs 1  and 2 ). On each component, variable with loading ≥ 0.70 was identified as the significant variable (Iwara et al. 2011; Mathur 2015) . Variables bi-plot during various events showed that during pulse event, soil organic carbon is located in opposite direction of community diversity (Shannon and Weaver index) and richness, while during inter-pulse and non-pulse events, they are located on the same axes. Furthermore, soil pH and litter condition during all the events were located on opposite sides to each other; however, axes distances between them continuously increased from pulse (non-significant) to inter-pulse (− 0.543) to non-pulse events (− 649). Soil nitrogen and phosphorus were located in opposite directions of community diversity (Shannon and Weaver index) and herbage biomass during all the events (Fig. 1) .
Results revealed that all the quantified parameters were significant (Table 6 ) and four different trends were recognized with respect to locations of parameters at different axes: (a) during all the events parameter located on similar component, i.e., land status; (b) located on different components during different pulse events, i.e., RCI; (c) during pulse event located on F 2 component, while for the rest two events located at F 1 , i.e., SQI and EMV; and (d) reverse of previous trends, i.e., HCS (Table 6 ). Further, PCA bi-plot for different lands, constructed with these indices during different events, also revealed the temporal changes in land qualities for example land 2 and 9 (Fig. 2) .
The significance of various quantitative parameters (community and soil) and indices (RCS, SQI, HCS, EMV, and land status) between different events were assessed through Student t test, and results are depicted in Table 7 . This test revealed that among community parameters, evenness was recorded non-significant between all the events, and among soil parameters, SOC and nitrogen were recorded non-significant between inter-pulse to pulse events. In the present study, regression analysis showed power relationships of bare patch index with species richness (species richness = 13.668 × bare patch index mod^− 0.3532 R 2 = 0.732, P < 0.01 ± 1.81), while linear positive relationships were recorded between HCS and RCD (HCS = 0.73 + 0.74 × RCD, R 2 = 0.458, P < 0.01 ± 0.247) and negative linear relationship between HCS and revised SQI (HCS = 1.27 + − 0.488 × revised SQI R 2 = 0.470 P < 0.01 ± 0.245); however, RCS and revised SQI do not show any significant relationship.
Discussion
Statistical behavior
In the present study, three parameters, viz, vegetation, soil, and ecosystem value, were temporally assessed for evaluating the quality of the Indian arid land. Some of the parameters were inherent quantitative in nature while some were qualitative, and both types of variables were homogenized by applying weighting factor. Further, scoring efficiency of qualitative parameters varies with researcher experience, and in the present study, such field-based experience was judged by frequency distribution. Results of this non-parametric method showed normal distribution (by kurtosis and K-S tests) for most of the parameters; however, positive skewness for RIV of climax species was recorded which can be explained by the addition of other species during pulse and inter-pulse events. Thus, in the present study, qualitative parameters utilized to develop a quantitative approach for appraisal of Indian arid lands were efficiently assessed that eventually supported the efficiency of proposed techniques.
Student t test was conducted to appraise the variabilities in quantitative parameters (community and soil) and in calculated indices (RCS, SQI, HCS, EMV, and for land status). For evenness, non-significant t test value between various events suggested the distribution level of the individual at a similar intensity. Thus, it indirectly indicated the homogenous land selected for this study (Gotelli and Chao 2013) . A statistically significant t test between pulse to inter-pulse and pulse to non-pulse for different calculated indices and non-significant between inter-pulse and non-pulse indicated the changes in land qualities with high resource condition to medium and high to low resource conditions but not during medium to low resource stage. These results further funnel our knowledge recommending to avoid solitary land assessment approach.
Ecological relevance of indicators
The fraction of RCD and BP modified are the two attributes of RCS, and in this, RCD was constructed with two attributes, i.e., community dynamics (quantitative) and litter conditions (LC) and removal of plant parts (RPP) which were qualitative in nature. Litter illustrated ecological dynamics and complexities, and the requirement for a range of cycles and states, within and between vegetation types, and it also play a major role in surface soil stability and structure. Irrespective of its microbial degradation, LC and RPP can be considered as associated parameters. Furthermore, grazing intensity is also an influential factor for LC which also held back by density of unpalatable species (DUP), and the relationship between GI and DUP are presented in herbaceous component score (HCS) index which is in agreement of Loydi et al. (2013) study.
Bare patch index Modified is an important attribute for assessing arid lands status. Wind and water erosion activities are generally greatest in such patches resultant in resource loss. Therefore, bare patch size, by virtue of its direct relation with resource loss, is probably one of the best indicators of land health. In the present study, temporal analysis of this parameter revealed that during pulse event and at most of the lands, bare patches were not inter-connected (thus multiplication factor of 0.5), while obviously, its sizes increase during non-pulse event with higher connectivity (lack of vegetation cover).
There are two perspectives to use such information, i.e., species coverage area and identification of those species that are efficient to serve as a gap filler. In arid region, a gap filler species should have high energy efficiency and good sand binder property and can compensate one ecosystem service in the absence of others (i.e., may be unpalatable but having other provisional services like fiber, medicines, fuel, etc.). From this region, Mathur (2014) have recommended Corchorus depressus for wasteland management and rehabilitation as it has high energy utilization efficiency and high reproductive capacity enabling it to occupy more niche space, palatability, and good sand binding capacity. We found non-linear power relationship between bare patch index and species richness. We can visualize that when this index is below 7.0, at most of the lands, species richness ranged 7 or above. We also found a hump-back relationship between these two variables which suggested that with 0.2 to 6.0 bare patch index, richness increase from 5 to 8, but when it ranged 23 to 37, richness decreased and it dropped to 2. The causes of such relationships may vary with habitat and land use; however, most related factors involve grazing intensity, site slope, and soil factors (Maestre 2004 and Aguirre-Gutierrez 2014) .
We found linear negative relationships between HCS and revised SQI. In our study, we have six components in HCS, viz, total herbaceous biomass, botanical species composition of climax vegetation, RIV of climax species, carrying capacity, grazing intensity, and density of unpalatable species, and among them, DUP was utilized as the denominator. Thus, negative relationships of HCS with SQI suggest an increase in DUP at study sites. Yamada and Takatsuki (2015) have also correlated the impact of grazers and unpalatable species on forest productivity, and they concluded several patterns of direct and indirect effects of these variables on productivity at Larch forest in Okutama, Japan.
Carrying capacity can be determined by experience gained over the years or by calculating long-term forage yields for the pasture, if possible. This information can help to predict how heavily a pasture can be stocked. In this study, rating for carrying capacity was based on the fact that when forage production declines by 50, the degradation is only slight because such vegetation seems to have potential to quickly recover and regain optimum biomass production potential upon protection or optimum use. It is pertinent to consider here the situation prevailing in woodlands and shrub-lands where besides grazing, browsing and cutting also take place. There are two situations: (a) the current year's production is not fully utilized, thereby resulting in biomass build up even if 50-65% of current year's biomass is removed, and removal beyond this, there should cause degradation; and (b) the current year's production or more is fully utilized resulting in poor regeneration and decline in biomass over the years.
Several processes have been put forth explaining the deterministic control over soil fertility and species diversity (Bashkin et al. 2003) . Inverse relationships of SOC, K, CEC, and soil fertility factors with herbaceous species richness and their biomass were explained by Wang et al. (2007; and Nadeau and Sullivan (2015) . Soil organic matter and nitrogen significantly fluctuate with response to climatic conditions specifically temperature and rainfall (Rathore et al. 2012) . In hot arid and semi-arid soils, organic matter rapidly decomposes in response of elevated temperature and thus increasing the organic carbon content. For Indian arid soils, depth vies logarithmic increase in soil organic matter content at a constant temperature which was reported by Mathur and Sundaramoorthy (2008) . Additionally, vegetation, soil texture, drainage, cultivation, and fallowing also significantly influence the soil organic matter (Kumar and Mathur 2014) . In this study, the negative relationships of soil organic carbon with species richness can be explained with facts that during pulse and inter-pulse events, low temperature and high moisture slow down the organic matter decomposition resultant in low organic carbon content; however, both these factors favored for high productivity and for diversity.
Land behaviors and implications
On the basis of this new approach, among 36 observations (12 lands during each event) 7, 14, 12, and 3 lands were designated as lower, moderate, high, and very high value, respectively. This classification was based on land status index score which was ranged 1.23 to 2.15 during pulse and 1.26 to 2.09 and 1 to 2.37 during inter-pulse and non-pulse events, respectively. Land numbers 11, 4, and 6 were designated as very high value, while lands 3, 6, 7, and 9 were marked for high value during pulse and inter-pulse events; however, land 8 showed continuous improvement from lower during pulse to moderate (interpulse) and high value (non-pulse). On the other hand, land number 11 showed degradation from high value (pulse) to moderate during inter-pulse and non-pulse. Such result suggested that, although in arid region, rainfall triggers community composition; however, sole use of this parameter cannot provide the correct status of lands as other physical (soil) and biotic (livestock and other anthropogenic) parameters are equally important and influential during other events.
Thus, a combined approach to temporal assessment schedule can provide the perfect situation. Further, this was also proved by PCA bio-plot (Fig. 2) which was constructed with using different indices. Bi-plot suggested that (a) lands 1 and 4, 6 and 9, and 8 and 12 during pulse event showed proximity to each other, while during non-pulse events, they were located far away from each other; (b) lands 11 and 12 were opposite to each other during pulse events only and showed similarity and proximity with each other during inter-and non-pulse events; and (c) lands 2 and 8 during pulse and non-pulse events were located on opposite sides, however, showed closeness with each other during inter-pulse event, and lands 3 and 4 are always situated opposite to each other. Thus, for an example, if a researcher visited land 8 during resourceful conditions (rainy season), he will designate this lands as low value land. Similarly, if he surveyed this during inter-or non-pulse events, he will regard this as moderate or high value land, respectively. Thus, land assessment in such areas should be sequential one.
Thus, hypothesis that pertains to this study, i.e., "a combined mathematical approach may assess the land quality more precisely than their individual use within Indian arid region, and temporal land assessments may have different interpretation than a single time assessment", is being sufficiently answered and provided a new insight about land quality assessment in the Indian arid region. Thus, the proposed approach proves a realistic land status, and this study differed from earlier efforts with relation to its temporal summation integrated with weighted biotic and abiotic variables. The practical implication of the present study also pertains to its studied indices which easily can be used at different eco-regions with application of local weighting factors.
Conclusion
In the present study, the status of Indian arid lands was assessed temporally using five new approaches which pertain to 22 different parameters. This integrated approach revealed that in this arid region where resources are releasing in different forms of events, temporal appraisals of land qualities may be more instructive than a solitary time evaluation. Weighted attributes, ordination, and path analysis enable this study as a prototype one that would have wide applicability for land evaluation in such vulnerable part of the world. However, as this study was temporally conducted in one direction (pulse-interpulse-non-pulse), reverse exploration would further broaden our insight about nature of land degradation and their resilience properties in the Indian arid region.
